In Chesapeake Bay, a large eutrophic and partially stratified estuary, we investigated diversity among tintinnids (Ciliophora, suborder Tintinninia) 
in September 1999. In contrast with the typical estuarine pattern, tintinnid diversity was high and increased with decreasing salinity from the mouth of the bay to the mid-bay region. Peak species numbers and diversity values [20-25 species, HЈ (ln) = 2.4-2.5] were found in stations in the mesohaline (14-17‰) portion of the bay. Within the bay, diversity was not correlated with abundance or food levels, as measured by chlorophyll fluorescence, nor with predator (copepod) concentration. However, because high copepod concentrations corresponded to the less diverse southern bay populations, we examined the influence of copepods on tintinnid diversity in two field experiments using natural populations and a size-fractionation approach. Similar copepod predation rates on abundant tintinnid species (0.4-1 ml cleared copepod -1 h -1 ) were found in the experiments, but with distinct impacts on tintinnid diversity. In a slow-growing community of tintinnids, copepod predation decreased diversity relative to changes in communities without copepods, while in a community highly dominated by a rapidly growing tintinnid species, copepod predation increased diversity. Our results show that not all taxa found in estuaries are species poor, and in the highly dynamic plankton the relative influence of factors influencing diversity may change rapidly. Species richness in the Chesapeake Bay appears predictable from latitude.
component of the microzooplankton community in Chesapeake Bay.
Interestingly, very little data exist on diversity in microzooplankton, an important group in plankton communities as they are often the dominant consumers of phytoplankton and the preferred prey of copepods (Pierce and Turner, 1992) . There would seem little reason, a priori, to hypothesize that diversity trends in microzooplankton might differ from phytoplankton or mesozooplankton. However, recent studies continue to underline the fact that even taxa that are closely associated ecologically need not display similar trends (Rohde, 1999) , and taxa that are ecologically very different may share patterns (Fraser and Currie, 1996; Roy et al., 1998 Roy et al., , 2000 Rutherford et al., 1999) .
For example, latitudinal diversity trends of the parasites of teleost fishes apparently differ from that of their hosts (Rohde, 1999) . In contrast, taxa that are quite different ecologically can share very similar diversity patterns. For example, annual sea surface temperature appears to be the best predictor of diversity in bivalves (Roy et al., 2000) , gastropods (Roy et al., 1998) , corals (Fraser and Currie, 1996) and planktonic Foraminifera (Rutherford et al., 1999) . For planktonic Foraminifera, the relationship between annual sea surface temperature and diversity is of sufficient strength that it has been used to reconstruct past climatic change [e.g. (Williams and Johnson, 1975) ]. Because annual sea surface temperature can be related to the depth of the thermocline in the water column, it may represent a measure of habitat volume for planktonic Foraminifera, reflecting quantities of vertical niches available for different species (Rutherford et al., 1999) . However, for gastropods, bivalves and corals, the relationship of sea surface temperature to diversity appears much less direct, if not completely obscure (Fraser and Currie, 1996; Roy et al., 1998 Roy et al., , 2000 . Thus, with regard to diversity, varieties of trends and mechanisms apparently co-occur.
Ciliates of the microzooplankton include tintinnid ciliates, a suborder of choreotrich ciliates characterized by the possession of a species-specific shell or lorica, shaped like a bowl or vase or tube, within which the ciliate cell can withdraw. Although tintinnids are nearly always a minority component of the ciliate community, they are ideal for studies of species distributions and diversity. Unlike many groups of microbial organisms, species identifications, with some caveats, can be made using characteristics of lorica morphology. Thus, individuals, untreated other than preserved, may be identified by examination using a transmitted light microscope rather than requiring cytological staining, biochemical screening or RNA sequencing. Here we present data on the diversity of tintinnid ciliates in Chesapeake Bay in September 1999, based on samples collected along the main axis of the bay. In an earlier study (Dolan and Marrasé, 1995) , tintinnid diversity was described as relatively low in the mid-bay region of the Chesapeake compared to oligotrophic Mediterranean waters. We hypothesized that tintinnid diversity would be highest in the more saline waters at the mouth of the bay, and that with distance from the bay mouth, diversity would decrease regularly as community biomass increased. We also examined the hypothesis that copepod predation affects tintinnid diversity (Cariou et al., 1999) . Field experiments were conducted to explore short-term temporal changes in natural populations of tintinnids with and without their predators, copepods.
M E T H O D Sampling and experimental protocols
Sampling and experiments were conducted aboard the RV 'Cape Henlopen'. To examine spatial trends, samples from nine stations along the main axis of the bay ( Figure  1) Latitude  39°08ЈN  38°58ЈN  38°45ЈN  38°34ЈN  38°18ЈN  38°04ЈN  37°44ЈN  37°24ЈN  37°07ЈN   Longitude  76°20ЈW  76°23ЈW  76°26ЈW  76°26ЈW  76°16ЈW  76°13ЈW  76°11ЈW  76°05ЈW  76°07ЈW   Station  7  17  22  21  16  21  22  14  11 depth (m) sampling times and data on salinity and temperature are given in Table I . At each station, four to seven depths throughout the water column were sampled using a Seabird CTD-Niskin bottle (20 l) rosette. The CTD probes provided data for water column profiles of salinity, temperature and relative chlorophyll fluorescence; samples were taken at approximately regular intervals as CTD fluorescence data showed little evidence of depthrelated maxima or minima of chlorophyll. Data from a Turner Designs fluorometer reading fluorescence of water pumped from the hull pump at ~1.5 m depth were also recorded. At each station, a 2 l volume of sample from each depth was concentrated to 20 ml by slowly and gently pouring the water through a 20-µm-mesh Nitex screen fixed to the bottom of a 5-cm-diameter PVC tube. Concentrated water samples were fixed with Lugol's solution (2% final concentration). Small-scale field experiments were conducted to examine the effects of predation by copepods on tintinnid diversity. In these short-term experiments (24 h), changes in tintinnid community composition were monitored in incubations of natural communities subjected to three levels of copepod predation: (i) no copepod predation, water filtered through 64-µm-mesh screen to remove all copepods; (ii) in situ copepod predation, unaltered water with in situ copepod concentrations; (iii) elevated copepod predation, created by adding in the copepods caught on the 64 µm mesh in treatment (i) to unaltered water with in situ copepod concentrations.
Field experiments were conducted on 22 September in the lower Rappahannock River (37°37.22ЈN, 76°24.09ЈW) and in the central main stem of the bay on 23 September (38°17.95ЈN, 76°17.09ЈW). For both experiments, the protocol began by filling a 20 l carboy with surface water using a bucket. Then, a trio of 2 l containers for unaltered water were filled. Next, 6 l of water were gently filtered through a submerged 64-µm-mesh Nitex screen and both the filtrate and material caught on the screen were retained. Material caught on the screen was added to 6 l of unaltered water. The 6 l of 64-µm-screened water were dispersed into three 2-l containers and, likewise, the 6 l of water to which had been added material caught on the 64 µm screen were dispersed into three 2-l containers. Thus, for each level of copepod concentration (none, in situ, elevated) three containers were prepared. For each treatment, one of the three containers was sacrificed for a time zero sample following the depth-sample protocol given above. The remaining containers were placed in a flow-through seawater bath on deck. The translucent polyethylene containers were incubated for 24 h, and then all material in the bottle was concentrated to 20 ml and preserved as given for depth samples above.
Sample processing
Material from discrete depth samples was processed in two different ways. Individual aliquots of concentrated sample, equivalent to 100 ml of water, were examined for all the depth samples from Stations 858 and 707 to check for depth-related differences in diversity in two contrasting stations. Individual discrete depth samples, equivalent to 200 ml, were examined for surface and bottom samples for each of the nine stations to compare surface to bottom water communities. Given a lack of marked depth-related shifts, a single integrated water sample was prepared for each of the nine stations. For each station, trapezoidal integration was used to calculate milliliter volumes needed from each discrete depth sample to yield a single integrated water column sample equivalent to 4 l of unconcentrated water. For each station, the integrated water column sample was used to establish species-area (in the form of species-volume) and K-dominance curves, estimates of the number of species and Shannon index (HЈ; ln based), as well as averages and standard deviations of tintinnid lorica dimensions.
Each individual 1 or 2 ml of concentrated sample (representing material from 100 or 200 ml of water) was pipetted into the base plate of a Zeiss sedimentation chamber, a second milliliter of distilled water added to fill the chamber if needed, and the chamber sealed and allowed to settle. Subsequently, the entire surface of the chamber was examined using an inverted microscope at ϫ160 total magnification. Tintinnid identifications were made based on lorica morphology and following Campbell, 1929, 1939) , and Marshall (Marshall, 1969) . Some species of tintinnids can display different lorica morphologies [e.g. (Gold and Morales, 1976; Davis, 1981; Laval-Peuto, 1983; Wasik and Mikolajczyk, 1994) ]. However, only a few of the 32 species encountered in this study appeared variable and may or may not represent single species (Tintinnopsis nana, Tintinnopsis rapa-parva, Tintinnopsis subacuta, Favella panamensis). We adopted a conservative approach, pooling apparent varieties. Empty loricas were not enumerated.
Species-volume relationships were constructed by sequentially examining 1 ml aliquots, each representing material from 100 ml of water. For each station, 15 aliquots of 1 ml were examined. The cumulative volume of 1500 ml was used for all the stations as species numbers appeared to plateau for the first stations examined, the extreme stations 908 and 707, at ~1500 ml. The cumulative number of species encountered was plotted against cumulative volume examined. Data from the entire 1500 ml were used to generate estimates of number of species, values of the Shannon index, average concentration and K-dominance plots for each station. For the latter, species are ranked from 1 to x, with species 1 representing the largest percentage of total individuals, species 2 the second largest, etc., plotted against cumulative dominance (= cumulative percentage of total individuals), number of species, values of the Shannon index and average concentration. Data from the first aliquots for each station were used to generate estimates of community averages and standard deviations of lorica dimensions (lorica oral diameter and lorica length) based on 100-150 organisms. Additional material was examined for most stations to provide estimates of copepod abundances (all post-naupliar stages pooled) based on raw counts of at least 30 individuals. Station 908, the least saline station, was an exception as copepods were present only in concentrations of ≤1 l -1 .
Samples from copepod grazing experiments were processed in a manner similar to those for the discrete depth samples. All material from each of the 2 l sample containers (t 0 samples and t 24 samples) was concentrated to 20 ml using 20-µm-mesh Nitex screening. Single to several 1 ml aliquots were examined from each container to provide raw counts ≥100 of the most abundant tintinnid species. All of the remaining material from the incubated samples was examined to determine exact copepod concentrations in the experimental containers.
Data analysis
A total of >10 000 specimens were enumerated. Simple correlations were employed to examine relationships between diversity, both species abundance and the Shannon index, and station parameters of tintinnid concentration, chlorophyll fluorescence, copepod concentration and morphological variability. Morphological variability was quantified in the form of standard deviations of community averages of lorica oral diameters and lengths.
For the copepod grazing experiments, a standard set of equations [i.e. (Frost, 1972) ] was used to provide estimates of tintinnid community growth rates, and copepod clearance rates for the two or three most abundant tintinnid species in each experiment. The set of equations uses changes in concentration in the absence of grazers to calculate prey growth rates, and the differences between these rates and rates in the presence of grazers are used to estimate grazer clearance rates. Copepod predation effects on tintinnid diversity were examined by plotting the change in diversity (HЈ) over the 24 h incubation period as a function of copepod concentration.
R E S U LT S Vertical trends
The salinity structure of the bay in the central channel, based on water column profiles from the nine stations sampled, is given in Figure 2 . From north to south, salinity at the surface varied from 9 to 21‰ and bottom water salinity increased from 13 to 27‰. Average water column salinity increased regularly from north to south and all the stations showed a vertical salinity gradient of 4-6‰. However, based on vertical profiles from two contrasting stations, 858 and 707, the vertical salinity structure was not reflected in any clear depth-related trends in either tintinnid concentrations or diversity (Figure 3 ).
In both surface and bottom samples, the highest numbers of species were found in samples from the midbay stations (845, 834, 818) . At most stations, surface samples contained more species than bottom samples ( Figure 4) , with those found in bottom samples a subset of those found in the surface samples. Species abundances in neither surface samples nor bottom samples were relatable to salinity (Table II) . As depth-related trends appeared much weaker than north-south trends, subsequent analysis focused on depth-integrated samples.
Species-volume and K-dominance relationships
Construction of species-area or, in the case of plankton, species-volume curves revealed marked differences as well as similarities among the stations sampled. Clear differences were apparent between the mid-bay stations and those at the northern or southern ends of the bay ( Figure 5 ). The fewest species (~10) were found at the extreme northern station (908) and the extreme southern stations (724, 707). Considerably higher numbers of tintinnid species (15-25) were found in the intermediate stations (from Station 858 to Station 744). While species numbers varied, the shapes of the curves were roughly the same among the stations. For all nine stations, increases in numbers of species encountered decreased sharply at 600-700 ml and a clear plateau was reached for most stations before 1500 ml were examined. There was a relationship between the total species found in a sample volume equal to 1500 ml and the average number of species found in sample aliquots equivalent to 100 ml. Total species encountered was about seven more than the average found in 100 ml ( Figure 6 ). This indicates that, at all stations, there were about seven species 3 . Vertical profiles of salinity, temperature, tintinnid abundance and diversity for a northern and a southern bay station. Note that while tintinnid abundance (cells ml -1 ) and diversity, the Shannon index HЈ, roughly parallel one another, neither shifts regularly with depth, nor appears related to depth discontinuities in salinity or temperature. present in 'trace concentrations' of <5-10 individuals l -1 . The identity of the trace, as well as the dominant, species differed considerably from station to station (Table  III) . The distinct differences between stations in the composition of the tintinnid community are also illustrated by the distributional patterns of widely distributed species. Shifts from occupying a dominant position to being found in trace concentrations were common, and absolute abundance was positively related to relative importance in the tintinnid community (Figure 7) . Overall, the tintinnid community was highly variable both in terms of total abundances as well as species composition.
K-dominance curves showed trends similar to those with regard to species richness (Figure 8 ). Stations at both the northern and southern ends of the bay appeared highly dominated by a few forms, with >50% of the tintinnid community composed of one or two species. Stations 858 and 845 showed the most 'even' or 'equitable' species distributions; nonetheless, only three or four species represented ~50% of the tintinnids.
Spatial relationships of diversity
Spatial trends of species per station, and values of the Shannon index, roughly paralleled one another ( Figure 9 ). As reflected in the species-volume and K-dominance curves, diversity was highest in the middle stations of the bay and minimal at the northern and southern stations.
Peak values of diversity measures were recorded for Stations 858 and 845 (20-25 species, HЈ = 2.4-2.5). The peaks in the HЈ values, while reflecting larger numbers of species, were due mostly to increases in evenness, with the majority of tintinnid numbers accounted for by three to five rather than one or two species (Figure 8) . Diversity, estimated as species per station or HЈ, was not linearly related to tintinnid concentrations, chlorophyll fluorescence or copepod concentrations. However, peak concentrations of copepods (17-35 copepods l -1 ) were found in the southern bay stations, and corresponded to minima in tintinnid concentrations and diversity metrics. Shifts in community averages of lorica lengths and oral diameters were slight in comparison with the variability of other parameters. Few parameters were significantly related (Table  IV) . Tintinnid taxonomic diversity was weakly related to morphological variability, as the standard deviations of average lorica length were correlated with HЈ (r = 0.72, P = 0.03, n = 9), but not with numbers of species. Copepod concentrations were correlated with the standard deviations of lorica oral diameter (r = 0.67, P = 0.04, n = 9).
Copepod predation experiments
In the first experiment, the tintinnid community remained nearly unchanged in the containers without copepods, showing little net change in concentrations or values of the Shannon HЈ index (Figure 10 ). Initial concentrations of total tintinnids averaged ranged from 0.5 to 1 tintinnid J. R. DOLAN AND C. L. GALLEGOS ESTUARINE DIVERSITY  Fig. 4 . Scatterplot of tintinnid species abundances in bottom and surface samples for the nine Chesapeake Bay stations. Species abundances are those recorded from examinations of material equivalent to 200 ml of water. Overall, species abundances in surface and bottom samples were significantly correlated (P < 0.05). Note that surface samples usually contained more species than bottom samples and peak species abundances were found in the mid-bay stations (see Figure 1 for station locations and Figure 2 for bottom sample depths).
ml -1 . Three tintinnid species were sufficiently abundant to allow estimates of copepod predation rates, based on changes in concentrations in the containers with copepods compared to containers without copepods. Rates averaged ~0.5 ml cleared of tintinnids copepod -1 h -1 , with larger species (T. subacuta, Tintinnidium sp.) appearing to suffer lower predation rates than a smaller species (Eutintinnus pectinus). Changes in tintinnid community diversity were negatively related to the concentrations of copepods in the container (Figure 10 ). The shifts in HЈ JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -   Fig. 5 . Plots of numbers of species encountered as a function of volume examined of integrated water column samples for the Chesapeake Bay stations. Fifteen aliquots of sample, equivalent to 100 ml of original water volume, were examined for each station. Maximum numbers of species were found in material from the mid-bay stations 858, 845, 834 and 804. Note that numbers of species increase regularly until material from 500-1000 ml of water is examined, and then plateau, for most of the stations.
values largely reflected a marked increase in the dominance of a few large species such as Favella panamensis in containers with copepods.
In the second experiment, total tintinnid concentrations were similar to those in the first experiment, but the species composition differed. The tintinnid community was dominated (~75% of cell numbers) by a large (45 ϫ 120 µm lorica) Tintinnidium species which grew rapidly in the containers without copepods (generation time = 16 h). Dominance by this species increased in the absence of copepods from ~75 to ~92%. Estimates of copepod clearance rates on the Tintinnidium species were nearly identical to the average rate estimated in the first experiment (Figure 10 ). Copepod grazing was associated with net increases in HЈ values as dominance of the tintinnid community by the Tintinnidium species was reduced in containers with copepods. The net increases in diversity were roughly proportional to the concentration of copepods in the containers.
D I S C U S S I O N
The abundances of tintinnids recorded, for the nine stations, averaged ~600 cells l -1 over the water column ( Figure 9 ) and were not unusual for Chesapeake Bay in September (Dolan, 1991; Coats and Revelante, 1999) , nor in comparison to other coastal systems such as the New York Bight (Capriulo and Carpenter, 1983) or Narragansett Bay (Hargraves, 1981; Verity, 1987) . The tintinnid species found in Chesapeake Bay in September (Table III) were mainly within genera classified as neritic (Favella, Helicostomella, Metacylis and Tintinnopsis), or cosmopolitan (such as Eutintinnus) (Pierce and Turner, 1993) . There were no obvious trends in the types of species found (lorica material types, genera, etc.) in northern landward versus southern seaward stations.
There was also little evidence of vertical differences in species compositions. However, as Chesapeake Bay is hydrologically dominated by marine input and moderately stratified, such a finding is perhaps not surprising. The bay is a textbook example of a moderately stratified coastal plain estuary with a two-layer circulation pattern (Pritchard, 1967; Boicourt et al., 1999) . In Chesapeake Bay, the bottom layer travels landward at average current speeds about twice that of the seaward-bound surface waters (Goodrich and Bloomberg, 1991) . The pycnocline region, as the border between water masses moving rapidly in opposite directions, is an area of some turbulent mixing rather than a sharp barrier between surface and bottom waters. A common characteristic of the tintinnid communities found was that surface samples contained a few more species than those found in the corresponding bottom sample (Figure 4 ). It should be noted that vertical differences do occur in the Chesapeake, depending on the season. For example, in summer, when bottom waters are anoxic in the mid-bay, tintinnids are absent in deep samples (Dolan and Coats, 1991) .
Other characteristics, common to all the stations, were (i) an apparent plateau in the number of species found as the 'volume equivalent' approached material from 1.5 l of water ( Figure 5 ) and (ii) the presence of several species in 'trace' concentrations ( Figure 6 ; Table III ). The 'trace species' were generally different from station to station, with some species appearing as a dominant in one station and a trace in another (Figure 7) . Consistently, two to five species accounted for >80% of tintinnids ( Figure 8 ) and a much larger number of species (10-15) were present in either low or trace concentrations. It should be noted that a concentration of 5 cells l -1 , here considered a 'trace concentration', would represent a large fraction of typical open-water communities totaling ~20 cells l -1 [e.g. (Dolan, 2000) ]. The possibility that even more species could have been detected had material from larger volumes (e.g. >10 l) been examined cannot be excluded. Thus, at every station, enough species were present to form a diverse community. However, despite similar potentials, there were distinct differences in diversity among the different parts of Chesapeake Bay.
The mesohaline, mid-bay stations (858, 845, 834 and
J. R. DOLAN AND C. L. GALLEGOS ESTUARINE DIVERSITY
 Fig. 6 . Plot of the average number of species found in the 100 ml aliquots versus the number of species found in the total of 1500 ml of integrated water sample. Each point represents the average of 15 aliquots and the error bar the SD. Regression yielded an average relationship for all the stations of total species about equal to seven more than the number found in 100 ml.
818; see Figure 1 ) showed higher diversity and concentrations of tintinnids compared to either the oligohaline northern station or the southern polyhaline stations. The differences were substantial; the mid-bay stations contained about twice the number of species, and higher values of HЈ, than either oligohaline or polyhaline stations ( Figure 9 ). It is unclear exactly why mesohaline stations showed higher diversity. The species Presence is shown by 'x', dominance as the first or second most abundant species is denoted by '1' or '2', respectively; presence only in trace concentrations (<10 l -1 ) is shown as 't'. distributions (Table III) showed little evidence of distinct south bay and north bay communities with the mesohaline mid-bay as simply a zone of overlap. However, the mesohaline Chesapeake differs from both the oligohaline northern bay and the polyhaline southern bay in a number of physical and biological characteristics. A positive relationship was found between station depth and tintinnid diversity (Table II) , and in physical terms the mid-bay contains the deepest area of the mainstem of the bay. The ancient Susquehanna river bed is found at ~30 m depth between Stations 858 and 834. The increased depth of the mesohaline section is associated with higher bottom current speeds (Goodrich and Bloomberg, 1991) . Algal stocks and primary production are maximal in this region and associated with high nutrient inputs . Seasonal bottom water anoxia occurs in the mesohaline Chesapeake Bay and has received a good deal of attention (Taft et al., 1980; Officer et al., 1984; Seliger et al., 1985; Smith et al., 1992) . By early summer, bottom water arriving from the south is low in JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -   Fig. 8 . Plots of species rank versus cumulative dominance or 'K-dominance' curves. Species are ranked from 1 to x, with species 1 representing the largest percentage of total individuals, species 2 the second largest, etc., plotted against cumulative dominance (= cumulative percentage of total individuals). Data are from the total population examined in 1500 ml of integrated water column sample for each station.
oxygen (from down-bay oxygen use in the bottom layer) and, in situ, with rising water temperatures, the remaining oxygen is consumed, mainly fueled by organic matter produced in surface waters in previous seasons or in the southern bay. Commonly from June through August, waters below the pycnocline are anoxic and hydrogen sulfide is detectable in the deepest waters. Deep bottom waters are only occasionally re-oxygenated due to wind mixing from summer storms (Malone et al., 1986) .
While the mesohaline portion of the Chesapeake is a site of intense biological activity, and supported the most dense as well as diverse populations of tintinnids, among the nine bay stations, there was no clear relationship between concentrations of tintinnids and diversity (Table IV) . Likewise, there was no simple relationship between diversity and predator abundance or chlorophyll concentration (Table IV) . In this regard, it should be noted that, in general, even tintinnid abundances are Fig. 9 . Spatial shifts in various parameters from the northern bay station to the southern mouth of Chesapeake Bay. The top panel shows north to south trends in the diversity of the tintinnid community in terms of the HЈ index and species abundance, based on material representing 1500 ml of integrated water column sample. The middle panel shows shifts in tintinnid and copepod concentrations, based on material representing 1500 and 1500-6000 ml, respectively, of integrated water column sample. Chlorophyll fluorescence, in arbitrary units (au), represents surface layer chlorophyll from water pumped through the vessel hull pump. The bottom panel shows spatial trends in tintinnid community averages of lorica dimensions with error bars showing SD.


rarely correlated with any environmental parameters other than weak relationships with temperature [e.g. (Hargraves, 1981; Capriulo and Carpenter, 1983; Sanders, 1987; Verity, 1987; Graziano, 1989) ]. This is no doubt because abundances can shift rapidly in response to environmental changes, but with variable time lags. The small-scale copepod experiments showed that diversity can shift rapidly and unpredictably with a given factor such as predation. Therefore, lack of any clear correlates with diversity when dealing with medium time and space scales (days and kilometers) may be expected.
For example, the field experiments clearly demonstrated that predation can have opposite effects on diversity (Figure 10 ). In the two experiments, similar concentrations of copepods feeding at similar rates had distinctly different effects on tintinnid diversity. In the first experiment, copepods feeding on a slowly growing, relatively diverse community nearly eliminated two species in the experimental bottles, and copepod concentration was associated with declines in diversity. In the second experiment, the tintinnid community was overwhelmingly dominated by a rapidly growing species and copepod predation reduced the dominance of the dominant species, increasing diversity relative to tintinnids incubated without copepods. As with predation, one can easily imagine different effects of shifts in food availability depending on whether or not a change in food concentration would favor or disfavor the dominance of a single tintinnid species.
While the lack of strong vertical trends in tintinnid diversity may have been predictable, and the mesohaline peak in diversity perhaps understandably obscure, the overall magnitude of tintinnid diversity in the Chesapeake, as a eutrophic estuary, appears surprisingly high.
It is likely that the September sampling fell during the period of peak diversity as the greatest number of phytoplankton species occurs in autumn (Mulford, 1972) . However, species richness and values of HЈ for the Chesapeake are similar to those found for the different areas of the Mediterranean Sea (Figure 11 ), which were based on examining material from similar volumes of water, 1.5 and 2 l, for stations of the Chesapeake and Mediterranean, respectively. Thus, tintinnid diversity in the Chesapeake appears to differ little from an oligotrophic sea. Unfortunately, little comparative data on HЈ values of different tintinnid communities exist. However, a number of reports concerning systems not far geographically from the Chesapeake furnish numbers of species for single points in time and space, allowing comparison to species found per station in the Chesapeake in September.
Reports dealing with two other well-known US Atlantic coast systems, Narragansett Bay (Hargraves, 1981; Verity, 1987) and the New York Bight (Gold and Morales, 1975; Capriulo and Carpenter, 1983) , give maximal species richness roughly similar to those found in individual stations of Chesapeake Bay. Maximal species numbers of 18 and 11-26 species, respectively, occur in late summer and early fall in Narragansett Bay and the New York Bight. The correspondence of species richness, at least in order of magnitude, among Chesapeake Bay, New York Bight, Narragansett Bay and the Mediterranean Sea, which differ greatly in a number of characteristics (e.g. chlorophyll concentration, salinity, depth, etc.), was unexpected. However, these systems are found at about the same latitude, suggesting that some factor associated with latitude may act as a dominant factor determining species richness. This possibility was examined JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  by plotting species abundance against latitude, using data from a large number of locations (Table V) . To permit comparison with data from a September sampling in Chesapeake Bay , only reports furnishing species abundances for single points in time and space, as opposed to annual, seasonal, or multi-station or multidate lists, were used, but regardless of sampling technique employed (i.e. plankton net tows or whole water collection). When species abundances were given for more than one date, the date with maximal species numbers was taken. No attempt was made to conduct a complete literature search; easily accessible reports were examined until a reasonable number of data points were accumulated (>150) with a near complete latitudinal coverage (81°N-75°S) .

Plotting species richness, averaged over increments of 5°latitude or individual points estimates (Figure 12 ), showed a close relationship between latitude and species abundance. The data imply that rather than environmental type, some factor that shifts with latitude commonly determines species abundances of tintinnids. A large variety of parameters vary with latitudinal gradients in various ways. Relationships range from the simple, direct, linear relationship between latitude and solar energy input to indirect curvilinear relationships, such as with annual sea surface temperature, and coincidental relationships such as between latitude and world ocean area (global area minus land area). Latitudinal diversity gradients are, of course, very well known among terrestrial taxa as well. The identification of factors underlying latitudinal diversity gradients has long been, and remains, a very active area of research [e.g. (Gaston, 2000) ].
Here, no attempt will be made to speculate as to the underlying cause(s) of a latitudinal diversity gradient [reviewed recently in Gaston (Gaston, 2000) ] among tintinnid ciliates, but rather simply to demonstrate its apparent existence. This is of significance as such a diversity gradient is hypothesized not to exist among benthic ciliates. Benthic ciliate taxa are thought to show a pattern in which global and local diversity are equal; all species are considered cosmopolitan and present in all locales, albeit in difficult to detect concentrations (Fenchel et al., 1997; Finlay et al., 1998 Finlay et al., , 1999 . While many tintinnid species appear cosmopolitan, Figure 12 shows that global and local diversity seem very different. It may be argued that if all species are always present, but most in very low concentrations, then more species are found in low-latitude environments because larger volumes of water are sampled due to low organismal concentrations. However, among the reports listed in Table IV Fig. 10 . Results of experiments using natural populations to investigate short-term shifts in tintinnid diversity associated with copepod predation. The top panel shows average tintinnid community growth rates without copepods (64-µm-screened water) in the two experiments; error bars show the range of values recorded. The middle panel shows copepod clearance rates plotted as a function of tintinnid lorica volume, estimated in the two experiments; clearance rate estimates are based on changes in abundances of individual tintinnid species in incubations with and without copepods. Clearance of tintinnid species shown is, from smallest to largest, E. pectinus, a small Tintinnidium sp., T. subacuta and a large Tintinnidium sp. The bottom panel shows net changes in the diversity of the tintinnid communities after 24 h of incubation as a function of copepod concentration, with each point representing an individual incubation. Note that in the first experiment diversity decreases with copepod concentration, while in the second experiment the presence of copepods appears to lessen declines in diversity among tintinnids without copepods. et al., 1999) examined material from 75 l and found 32-39 species compared to 25 species for Station 845 in the mesohaline Chesapeake in material from 1.5 l, or the 29 species found at an eastern Mediterranean station in material from 2 l of water (Dolan, 2000) . Hence, it is difficult to ascribe latitudinal differences to artifacts of sampling effort or sample volume.
Tintinnid diversity in Chesapeake Bay demonstrates that estuaries are not species-poor habitats for all taxa. An apparent latitudinal gradient of diversity exists among tintinnids, in contrast with that hypothesized for benthic ciliates. Considering then a single group of ciliates-tintinnids-a different pattern relative to other co-occurring planktonic taxa such as copepods or JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -   Fig. 11 . Comparison of tintinnid community diversity in Chesapeake Bay and three areas of the Mediterranean Sea [from Dolan (Dolan, 2000) ], all based on examinations of material representing 1500-2000 ml of water gathered throughout the water column. Average values, with error bars showing SD, for Chesapeake Bay (n =9), the Catalan Sea between the coast of Spain and the Balearic Islands (n = 6), the western basin of the Mediterranean (n = 6), and the central and eastern basins of the Mediterranean (n = 11). Thompson et al., 1999 S Atlantic 59-60°S 23 Wasik and Mikolajczk, 1990 Ross Sea 75°S 1 Monti and Fonda Umani, 1995 phytoplankton can be found, as well as differences compared to other ciliates, those inhabiting the benthos. Our knowledge concerning the positive associations of diversity with basic ecosystem characteristics such as stability and efficiency of nutrient cycling is relatively solid [e.g. (McCann, 2000; Tilman, 2000) ]. However, our understanding of the mechanisms influencing marine pelagic biodiversity appears considerably less solid, if not vague (Smetacek, 1996) .
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